The paper proposes a means of determining the impact of real estate characteristics based on the residuals of an accordingly specified econometric model. The econometric model contains explanatory variables whose values are easily measurable. Then, the hypothesis that the residuals of the econometric model encompass the impact of specific factors indicating that the real estate is atypical is verified, thus supporting real estate market analysis. The work describes various types of residuals (predictive and studentized residuals).
Background
An essential stage of the real estate valuation procedure is market analysis. According to the regulation of the Council of Ministers on property valuation and the development of the Valuation Report, the valuer, first of all, takes into consideration the going prices, rents and transaction conditions. The interpretative note on the comparative approach to the real estate valuation includes a statement that the valuer applying this approach should assess the usability of the identified transaction prices in terms of their possible importance to the valuation process. The usefulness of information collected by the valuer is associated, inter alia, with the possible occurrence of particular transaction conditions that can result in the actual price deviating grossly from the average market prices. The term of particularity or, in other words, specificity does not necessarily refer solely to the transaction conditions. An individual property can also be characterized by certain not readily apparent attributes that can lead to a situation where prices of properties with similar, or even identical, identified market characteristics will differ. In the process of real estate valuation, the valuer should take into consideration information that is typical and does not differ significantly from the www.degruyter.com/view/j/remav vol. 25, no. 1, 2017 average prices. The legal regulations and the General National Rules of Valuation provide no clear definition of the terms: grossly deviate from the average and an atypical real estate. The definition of a similar property in the Act on Real Estate Management is controversial and leaves room for individual interpretations that can lead to different conclusions. The only instance when the legislature clearly indicates the border of atypicality is § 5. 2. of the aforementioned regulation, stating that, in the valuation process, we should reject prices obtained in a sale by tender that differ more than by 20% from the market prices of similar properties. Prof. E. Kucharska-Stasiak points to difficulties in capturing appropriate information from the real estate market: "real properties available on the market are heterogeneous and have diverse attributes. (...) the distribution of prices of individual real estate attributes on the market is not known" (KUCHARSKA-STASIAK 2010) . This means that it is difficult to perform some parts of market analysis based on collected data so that the interrelations occurring on the market can be correctly identified. As a result of the above-mentioned conditions of both a legal and market nature, it seems essential to create a method that could help, in the most objective way possible, to single out transactions that can be regarded as atypical from the set of transactions identified in the course of a market analysis. In the present study, the transactions considered to be atypical are the ones that are influenced by undisclosed or difficult to observe specific characteristics of a marketed property. The paper proposes a way to determine the impact of specific attributes of a traded property using the residuals of an adequately specified econometric model. The application of diverse statistical and econometric methods is quite common in real estate market analysis, both in foreign (see ARSLAN et al. 2015 , BIN 2004 , PARDOE 2008 and Polish scientific publications (e.g. CELLMER and SZCZEPANKOWSKA 2015, CICHOCIŃSKI and DĄBROWSKI 2013) . Still, the analytical method proposed here has, so far, not been used in real estate market analysis. The econometric model used in the paper contains explanatory variables whose values are easily measurable. Subsequently, the hypothesis that the residuals of an econometric model contain the impact of specific factors that make the traded property atypical is verified, thus supporting the process of real estate market analysis. In the study, predictive and studentized residuals are outlined and used. The research was carried out on 19 sales transactions of vacant plots of land situated in one of the housing developments in Szczecin.
Research Methodology
The method of identifying the impact of directly non-observable factors based on appropriate model residuals has been taken from (DOSZYŃ 2013) where, in the context of a study on the impact of human propensities on economic phenomena, he describes, in detail, the possibility of using the least squares, predictive, studentized, recursive and BLUS residuals for this purpose. He also outlines the advantages and disadvantages of the individual types of residuals. In the present paper, the specific attributes of a property are identified by means of predictive and studentized residuals. Such residuals can be determined in several ways (see: DOSZYŃ 2013).
In small samples, least squares residuals are heteroscedastic and autocorrelated, even when these phenomena do not actually occur. The shortcoming of least squares residuals is the fact that, when verifying the hypothesis of an i-th residual that is significantly different from zero, we calculate the standard deviation of residuals by means of, inter alia, the observed residual. This defect does not occur in the case of predictive, studentized and recurrent residuals. In calculating predictive and studentized residuals, the reference point are all of the objects except for the analyzed one. In the case of the recurrent residuals, the set of observations is sequential. From the theoretical point of view, the best properties have recursive or BLUS residuals. It is to their disadvantage, however, that the residuals for all the objects cannot be calculated. As for recurrent residuals, we cannot estimate a few initial ones due to the "starter observations" that are necessary to estimate the first, sequential model. On the other hand, the number of BLUS residuals is diminished by the number of estimated model parameters, so they cannot be calculated for all the objects (real properties). All these shortcomings may be of great significance when samples are small, as was the case in this study.
In order to determine the predictive residuals we can use the artificial dummy variable z i . The variable z i =1 in the case of the i-th property, and z i =0 -in the remaining cases, where i = 1, 2, …, n (nnumber of properties). The given variable z i adopts the value of one for only one property (with index i), while there are as many variables z i as there are properties.
Subsequently, we estimate the parameters for the following models:
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( 1) where: -the dependent variable (the unit price of a property), -the explanatory variables (the property attributes) (j = 0, 1, …, k), -the dummy variables (i = 1, 2, …, n), -the structural parameters, -the random factor. We estimate as many models as there are properties (n), and we determine for each property:
In model (2), in order to simplify the notation, identical symbols of parameters with the property attributes and random factor have been adopted in every equation. The estimates of parameters for individual properties are the predictive residuals, while the values of t-Student statistics that have been determined for them are the studentized residuals. On their basis, we will identify the real properties for which the hypothesis of possessing specific attributes is verified. The value of a predictive residual for a given property provides additional information about the power of this influence. We should bear in mind, however, that this procedure poses problems associated with econometric modeling based on data mining (CHAREMZA & DEADMAN 1997) . This applies to the actual rather than nominal values of statistical significance levels in the process of verifying statistical hypotheses.
Empirical Study
One of the challenges faced by real estate market analysts or valuers is the absence of information about properties that tend to be strongly diversified in terms of their value-influencing factors. Even if information typically taken into account in evaluating property attributes is available, many properties can still have their own unique qualities. These specific factors can affect the price, thus influencing (distorting) the valuation results. In this study, an attempt is made to apply econometric methods in identifying the impact of such specific factors on property price.
In the first stage, the following econometric model is estimated. In this model, the dependent variable is the price of 1m 2 of a plot of land, while the explanatory variables are: 1. Accessibility (1 -inconvenient, 2 -medium, 3 -convenient), 2. Technical Infrastructure Facilities (0 -incomplete, 1 -complete) -denoted as , 3. Use Regime and Purpose (1 -weak, 2 -medium, 3 -good, 4 -very good) -denoted as The majority of (potential) explanatory variables are expressed on an ordinal scale. Three of them (2, 5 and 6) are dichotomous variables measured on a nominal scale. Table 1 shows the analyzed properties with reference to the values of individual value-influencing factors. It is worth adding that the choice of factors and the specification of their values had been developed by real estate valuers who prepared the valuation report from which the transaction database used in this study was taken. Source: own study.
At the statistical significance level ), a hypothesis that the parameter does not differ significantly from zero should be rejected only in the case of two variables (2 and 3). After its parameters have been estimated, the model is written as: (3) According to the obtained results, if the property is fully equipped with technical infrastructure facilities, its unit price is higher by an average of 19.42 zł/m 2 , after taking into consideration the principle of ceteris paribus. As we move to the better option of Use Regime and Purpose, the unit price increases by 21.01 zł/m 2 on average, ceteris paribus. The value of the corrected coefficient of determination indicates very good fit of theoretical values to the empirical ones.
Apart from the linear form of the model, its analytical log-linear form was also tested. However, in the case of the real estate analyzed here, the linear model gives better results. The hypothesis of linearity between the examined variables was verified by Ramsey's RESET (Regression Equation Specification Error Test) in the variant including both the squares and the cubes of the variables, and there is no reason for rejecting it (empirical statistical significance ) 1 . According to White's test, we can say that there is no reason for rejecting the hypothesis regarding the homoscedasticity of the random factor (empirical statistical significance ). The Jarque www.degruyter.com/view/j/remav vol. 25, no. 1, 2017
-Bera test confirms that it is pointless to reject the hypothesis regarding the consistency of the random factor distribution with the normal distribution (empirical statistical significance ). Reassuming, model (3) can be regarded as properly specified. In the next stage, an experiment is conducted: one of the explanatory variables is eliminated from model (3), and the model is once again estimated with the dummy variables showing specific attributes of properties in the case of which the hypothesis that the predictive residuals are different from zero should be rejected.
One of the ways of estimating the predictive and studentized residuals is to estimate models of the type:
………………………… (4) where is the random factor, and are the dummy variables equaling one for the i-th property and zero -for the remaining ones (n -number of real properties). The assessment of parameter is a predictive residual, while the value of the statistic is the respective studentized residual.
In order to identify property specific attributes (different from the ones included in the model), we should find out which residuals differ significantly from zero. Due to the small number of observations, statistical significance is assumed at
At this level of significance, the value of the t-Student statistic with the number of the degrees of freedom is 1.071. The relationship between the predictive residuals and the omitted variable (Use Regime and Purpose) can be presented on a correlogram (Fig.2) . The predictive residuals also include the impact of random factors (and/or those other than the omitted variable ), nevertheless the relationship shown in Fig. 2 is purely indicative. Despite this constraint, there is a clear positive relationship between these factors. Source: own study.
At the given level of statistical significance , properties No. 1, 4, 7, 8, 18 and 19 display specific attributes. For instance, the regarded as atypical property No. 7 has all of the required utilities and a good use regime. The transaction price of this plot of land was 233.01 zł/sqm. The remaining plots with the same set of these two attributes cost from 250 to over 258 zł/sqm. Hence, it can be said that this particular property had some specific attributes that distinguished it from other plots characterized by similar value-influencing factors.
Model (4), in the form using dummy variables for the observed real properties, is written as: Almost all of model (5) parameters are statistically significant at , with one exception where empirical statistical significance of the parameter is higher than 0.05: , which means that there is no reason to reject the hypothesis that the parameter with this variable does not differ significantly from zero. The results of model (5) verification as compared with model (3) have been shown in Table 3 . , 4, 7, 8, 18 and 19) is better in terms of almost each of the discussed criteria (excluding BIC), i.e. in terms of the fitting of empirical values, the informative criteria AIC, HQC, as well as the empirical significance levels in White's and Jarque-Ber tests 2 .
Here, the question of whether it is possible to define specific attributes of the property in a simpler way arises. For example, can we set the top and bottom lines representing deviations from the average at 20% of the property value and then identify, on this basis, the properties deviating from this norm? The 20% deviation from the average had been chosen due to the fact that such a limit is stated in the regulation on property valuation and development of the Valuation Report. The prices of 1 m 2 of the plot with levels determined in the above way have been shown in Fig. 3 .
It is clear from Fig. 3 that, in this case, when basing on deviations from the arithmetic mean that exceed 20% of its value, we cannot identify specific attributes of a real property, which is to the benefit of the proposed econometric procedure. Only in the instance of the property No. 1 is the price of 1m 2 lower than the bottom value of the fluctuation band. The prices of the other 18 properties remain in the range of +/-20% deviation from the average and, therefore, are not regarded as atypical. Such a simple criterion does not allow for including information whether the price is typical of the particular set of value-influencing factors. It is worth highlighting that the price of property No. 1, which is atypical in terms of its deviation from the average (almost 185/1m 2 ), is also considered specific in the light of the proposed method. This means that, in the study sample, the proposed method confirms the "atypicality" of the same real property, as does a simple 20% interval of price volatility. However, it also allows us to additionally capture other specific attributes of the observed real properties, which is not possible in the case of a simple price criterion. arithmetic mean equaling 20% of its value. Source: own study.
Conclusions
As had been mentioned above, it is quite common for real estate market analysts or valuers to face a shortage of information about real properties, which are often greatly diversified in terms of market prices. Even when information concerning the attributes that are typically taken into consideration in valuation reports is available, it often happens that individual properties have unique (specific) characteristics. These specific factors can influence the price, thus affecting (distorting) the valuation results. The paper proposes a method of assessing the impact of the property's specific attributes based on an adequately specified econometric model. The presented results show that the proposed model supports the real estate market analyses performed by valuers during the course of property valuation, supplementing it with an unbiased instrument thanks to which regularities occurring on the real estate market can be more accurately represented by eliminating from the analyzed sets those elements that can disturb the processes of analysis and, consequently, distort its results.
